Structural heterogeneity and purification of protein-free F430 from the cytoplasm of Methanobacterium thermoautotrophicum.
F430 is the nickel containing tetrapyrrole cofactor of S-methyl coenzyme M methylreductase, the enzyme that catalyzes the final step of methane production by methanogenic bacteria: the reduction of S-methyl coenzyme M (H3CSCH2CH2SO3-) to methane and coenzyme M (HSCH2CH2SO3-). The protein-free F430 obtained from the cytosol of Methanobacterium thermoautotrophicum, strain delta H, exists predominantly in two isomeric forms that differ in relative stereochemical disposition of acid side chains at the 12 and 13 positions of the macrocycle periphery (Pfaltz, A., Livingston, D. A., Jaun, B., Diekert, G., Thauer, R. K., and Eschenmoser, A. (1985) Helv. Chim. Acta 68, 1338-1358). A simple one-step chromatographic procedure for the large-scale separation of these isomers is described. X-ray absorption spectroscopic studies show that F430 (i.e. the native isomer) is 6-coordinate with long nickel-ligand bonds (approximately 2.1 A), suggesting an approximately planar macrocycle. In contrast, the 12,13-diepimer exhibits a 4-coordinate, square-planar structure with short nickel-nitrogen bonds (approximately 1.9 A), suggesting a ruffled macrocycle. Previous reports, based on other x-ray absorption spectroscopic data, of static disorder in F430 Ni-N distances are shown to be incorrect due to sample heterogeneity. The optical spectrum of F430 (whether purified from the protein-free cytosol or extracted at high ionic strength from the holoenzyme) differs significantly from that of the 12,13-diepimer. The optical spectral differences are correlated with the alterations in coordination number and geometry of the central nickel ion in the two F430 isomers.